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Abstract : A five storey single bay steel moment resisting 
frame with manufactured viscous damper is analyzed for 
Bhuj earthquake acceleration data of January 26,2001 
using SAP 2000vl4.0 analysis tool. Six different steel frame 
model is set up in which placement of damper is varied. 
Time history analysis was carried out and the output 
parameters like displacement, velocity, acceleration and base 
shear were tabulated and graphical results were also 
obtained. The results showed that the steel frame performed 
better when manufactured viscous damper is placed on all 
the floors as there is larger reduction in the drift, velocity, 
acceleration, but larger increase in base shear . 

Key words : Time History analysis, Manufactured Viscous 
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I. INTRODUCTION 

The number of tall buildings constructed today are increasing. 
Mostly, these structures are of low natural damping. So, 
increasing damping capacity of structural system or 
considering the need for other mechanical means to increase 
the damping capacity of the building has become increasingly 
common in the new generation of skyscrapers. The control of 
vibration produced by earthquake can be done by various 
means such as modifying rigidities, masses, damping or shape 
or by providing passive or active counter forces. In the present 
study use of manufactured viscous damper in reducing the 
vibration is studied. 

A MODEL DESCRIPTION 

In the present paper, the study is done using the manufactured 
viscous damper. The five storey single bay steel frame is 
modelled using sap 200 V14..0 . The loads are taken as 
according to IS 800:2007 for office use. The beams are 
designed as ISMB 500 and columns are designed as ISWB 
600. The base of the frame is assigned fixed. The bhuj 
earthquake acceleration data for first fifty seconds is used for 
the analysis. The model of the steel frame without damper as 
well as with damper is shown in figures 1 and 2 respectively. 



Fig 1 : model of steel frame without damper 



Fig 2 : model of steel frame with damper on all floors 
Each bay is 3m in length and the storey height is 4m.. Loads 
are considered according to Indian standards. 


TABLE 1 : DATA USED FOR ANALYSIS 


Storey height 

4m 

Number of bays in x direction 

1 

Number of bays in y-direction 

1 

Live load 

2.5 KN/m 2 

Roof load 

2.5KN/m 2 

Slab thickness 

120mm 


II. MODELLING OF DAMPER AND ANALYSIS 

The selection of design of design of dampers is similar to that 
of the selection and design of beams and columns in the 
building. The first step is selecting the location for 
manufactured dampers. Several positions pose no 
problem to owner since they are hidden from public view. 
Several other position requires the give and take with 
owner . Therefore, the design differs in both regards. The 

next step is to determine the size of the dampers i.e. the value 
of “C”, to be used for the analysis. It is similar to 
determining the size of the column in the steel building. 
The basic equation of motion of structure is equal to 

M x (t)+(C nd +C md ) x (t)+Kx(t)=M [I] a(t) 

The total damping is equal to 
C-C nd +C md 

Using fundamental natural frequency and mode shape of 
vibration 

2^(D={ m T Cm }/{ [ihfMtiM }={[$i] T C nd [^) I ] }/{ [fofMfo,] } 
+{[<J>i] T C md [<J>i]}/{[<J. 1 ] T M[<J. 1 ]} 

The first term on right hand side of equation, uses 
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proportional damping matrix, hence no coupling between any 
two modes, 

Therefore, 

c md = { [<h] T C mc i[<i>j] }/ { [<j>i] T M[<j>j] }=2^ mcl (D 1 ..(a) 

In the present analysis, 

Load due to self weight = 3KN/m 2 
Load due to floor finish= 0.09KN/m 2 
Load due to roof finishings lKN/m 2 
Total dead load=4.09 KN/m 2 
Load due to beam ISMB 500 =10.428KN 
Load due to column ISWB 600 =23.216KN 
Total Lloor load = 36.81KN 
Live load on floors=92.954KN 
[M] NSec 2 /mm = 

“9.475 0 0 0 0 

0 9.475 0 0 0 

0 0 9.475 0 0 

0 0 0 9.475 0 

0 0 0 0 9.475 

The stiffness of the structure is obtained as, 

[K] N/mm = 

" 1589.49 -794.745 0 0 0 

-794.745 1589.49 -794.745 0 0 

0 -794.745 1589.49 -794.745 0 

0 0 -794.745 1589.49 -794.745 

0 0 0 -794.745 794.745 _ 

Lrom equation (a), finally the value of C md that is the 
manufactured viscous damper is obtained as, 

C md = 728.128 N.Sec/mm. 

The value is now entered in the SAP 2000 V14.0 analysis tool 
as two joint link. Lirstly, the Time history analysis is done 
without addition of damper to the steel frame. Then the 
analysis is performed on the structure by adding the damper to 
the structure. The bhuj earthquake data used for the analysis is 
as shown in figure 3.. 



Fig 3 : input bhuj earthquake data 

The damper is placed at ground floor, first floor, second floor, 
third floor, fourth floor, fifth floor respectively and the 
analysis is performed. Then lastly the damper in placed on all 
the floors and the analysis is done. The graphical results of the 
displacement, velocity, acceleration and base shear are 
captured from the analysis tool and the results are tabulated. 
The results showed that the maximum reduction in 
displacement, velocity and acceleration was seen when the 
dampers was placed on all the floors. The increase in base 
shear was observed when the dampers were placed on all the 
floors. 


III. RESULTS AND TABLES 

a) The displacement, velocity and acceleration when 
no damper is placed in steel frame. 
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Fig 6&7 : acceleration and base shear. 

b) The displacement, velocity and acceleration when the 
damper is placed on all stories of the frame: 
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Fig 8&9: displacement and velocity 
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Fig 10 & 11 : acceleration and base shear. 


c) TABULATION OL RESULTS 
TABLE 2 : RESULTS OBTAINED 



Displa 

cement 

(mm) 

Velocit 

y(mm/s 

ec) 

Acceler 

ation 

(mm/se 

C 2 ) 

Base shear 
(KN) 

Bare frame 

39.55 

800 

16570 

123 

1 st floor damped 

36.72 

701.1 

16440 

194.7 

2 nd floor 

damped 

35.16 

684 

16320 

270.9 

3 rd floor damped 

34.36 

749.2 

15260 

255.5 

4 th floordamped 

32.92 

596.5 

12930 

275.3 

5 th floordamped 

29.62 

455.3 

8424 

277.7 

All floors 

damped 

7.033 

203.4 

6514 

310.3 
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As per the IS 1893(PART 1):2002, the maximum drift the 
structure can undergo is 0.004 times the total height of the 
structure. The drift obtained in the present analysis is within 
this permissible limit. There is reduction in the responses like 
displacement, velocity and acceleration when the damper is 
placed in the frame. Hence, the use of viscous dampers 
reduced the responses. The main purpose of the study was to 
observe reduction in displacement, velocity and acceleration 
when subjected to time varying loads like earthquake loads. 
Hence, viscous dampers are effective in reducing the 
responses. However, other kinds of dampers were not studied. 

IV. CONCLUSION 

Current trends in construction industry demands taller and 
lighter structures, which are also more flexible and having 
quite low damping value. This increases failure possibilities 
and also, problems from serviceability point of view. Several 
techniques are available today to minimize the vibration of the 
structure, out of which concept of using of viscous dampers is 
one.The present study is made to study the effectiveness of 
using the viscous dampers in control of vibration of the 
structure. A preliminary design method of arriving at the value 
of the damping coefficient 4 C’ was adopted. A moment 
resisting five storey steel structure was modeled using SAP 
analysis tool.The structure was analyzed once without a 
damper and then with the damper for bhuj earthquake using 
time history analysis. 

1. The responses such as displacement, velocity and 
acceleration are minimized when the viscous dampers 
are added to the fifth storey of the structure. 

2. When the damper is placed at the top storey, the drift is 
less. Hence, it can be concluded that the placement of the 
damper plays an important role in the vibration control 
of the structure. 

3. The base shear of the structure increases with the damper 
placed in the structure than when it is not placed. 

4. When the damper is placed on all the floors, there is 
much larger reduction in the drift, velocity and 
acceleration. But it obstructs the placement of doors and 
movement of people. 

5. Also because of the cost of production of the viscous 
damper is more, most of the times it is not recommended 
to place viscous dampers on all stories. 

6. Hence, from the present analysis, the placement of 
damper on the top storey is recommended. 

V. REFERENCES 

i. GS.Balakrishna, Jini Jacob, “Seismic Analysis of 

Building Using Two Types of Passive Energy Dissipation 
Devices ”IOSR Journal of Mechanical and Civil Engineering (IOSR- 
JMCE)PP13-19. 5 

ii. Abdelouahab Ras, et al (2014), “Dissipative Capacity 
Analysis of Steel Building Using Viscous bracing Device ” 
International Conference on Geological and Civil Engineering 


ISSN:23 1 9 -6890)(online),2347 -50 1 3(print) 

1 August 2016 

IPCBEE vol.62 (2014) © (2014) IACSIT Press, Singapore DOI: 

10. 7763/IPCBEE.2014. V62. 4. 

iii. Ras A.,Boukhari B , Boumechra N.and Hamdaoui 
K.(2013), “Dissipative Capacity Analysis of Steel Buildings using 
Viscous Bracing Device ” DOI : 02. AETACE.201 3 .4.23 © Association 
of Civil and Environmental Engineers, 2013. 

iv. Wei Liu, Mai Tong, George C. Lee (2004), “Simple 
Procedure For Preliminary Design of Structural Dampers ”,13 th World 
Conference on Earthquake Engineering Vancouver, B.C., Canada 
August 1-6,2004 Paper No. 2021. 

v. Qasim Shaukat Khan, Asad Ullah Qasi, and Muhammad 
Ilyas (2013), “ Improved Seismic Response of RC Frame Structures 
By Using Fluid Viscous Dampers” Pak. J.Engg.&Appl. Sci. Vol. 

13, July, 2013 (p. 8-18). 

vi. Yuvraj Bisht, Saraswati Setia (2014), “Seismic Behaviour 
of A Soft Storey Building With & Without Viscous Dampers” 
International Journal of Engineering Research and Applications 
(IJERA) ISSN:2248-9622 National Conference on Advances in 
Engineering and Technology (AET- 29th March 2014). 

vii. Samuele Infanti 1, Jamieson Robinson 2, Rob Smith 
(2008), “Viscous Dampers For High Rise Buildings”, The 14 th 
World Conference on Earthquake Engineering October 12 -17, 2008, 
Beijing, China. 

viii. Liya Mathew, C.Prabha (2014), “Effect of Fluid Viscous 
Dampers In Multi -Storeyed Buildings”, Internationa IJournal of 
Research in Engineering & Technology (IMPACT: IJRET ) ISSN(E): 
2321-8843; ISSN(P): 2347-4599 Vol. 2, lssue9, Sep 2014, 59-64. 

ix. Loredana E. Rosu, Flavia S. Florea, Catalin C. 
Rosu,(2013), “Efficiency of Using Viscous Dampers For 
Multi-Storey Steel Structures Subjected To Seismic Actions”, 11th 
International Conference on Vibration Problems Z . Dimitrovova et 
al.(eds.)Lisbon, Portugal, 9-12 September2013. 

x. M.D Symans, M.C, Constantinou, “Passive Fluid 
Viscous Dampers For Seismic Energy Dissipation ”PengfeiGuo 
(2012) “Damping System Designs Using Nonlinear Frequency 
Analysis Approach ”, Department of Automatic Control and Systems 
Engineering, Faculty of Engineering, University of Sheffield Feb, 

2012 . 

BIBLIOGRAPHY 

1. Indian Standard, IS 800-2007“Genaral construction in steel code 
of practice”, third revison, BIS, New Delhi, India. 

2. Indian Standard, IS 875-1987, “Code of practice for design 
loads(other than earthquake) for building and structures” Part 
1-Dead loads, Part 2-Imposed loads, Part 3-Wind loads, Part 
5- Special loads and combinations, BIS, Manak Bhawan, New 
Delhi, India. 

3. IndianStandardlS 1893 -2002, “Criteria for earthquake resistant 
design of structures”, Parti: General Provisions and Buildings, 
Fifth Revision, BIS, New Delhi, India. 

4. Gary C.Hart & Kevin Wong “structural dynamics for 
structural engineers”) ohn wiley & sond, Inc. 

T.K Datta, “Seismic analysis of structures” john wiley & 
sons (Asia) pte Ltd 


HER @20 16 


doi : 10.17950/ijer/v5s8/812 


Page 703 


